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&Y INVESTIGATION OF THE AERODYNAMIC CHARACTERISTICS OF A 0.00543 

SCALE MODEL (WDEL NO. 486) OF THE SPACE SHUTTLE 146-INCH 

D I A ! ! E R  SOLID ROCKET BOOSTER AT ANGLES OF ATTACK FROM 

113' TO 180° I N  THE AEDC PWT 4-MwIT TRANSONIC WIND 

TUNNEL (SA16F) 

by 

Paul  E. Ramsey, NASA/MSFC 

ABSTRACT 

A n  experimental  i n v e s t i g a t i o n  (SA16F) w a s  conducted i n  t h e  AEDC 

PWT 4T t o  determine t h e  e n t r y  s t a t i c  s t a b i l i t y  of a 0.00548 scale Space 

S h u t t l e  So l id  Rocket Booster (SRB). 

prove t h e  d e f i n i t i o n  of t h e  aerodynamic c h a r a c t e r i s t i c s  i n  t h e  angle  of 

a t t a c k  range beyond 90' i n  t h e  v i c i n i t y  of the  ell try t r i m  po in t .  

The primary o b j e c t i v e  w a s  t o  i m -  

The SRB scale model cons i s t ed  of t h e  r een t ry  conf igu ra t ion  wi th  a l l  

major protuberances.  A simulated h e a t  s h i e l d  around the  engine nozzle  

was a l s o  included.  

0 Data were obtained f o r  a 50 s i d e  mounted s t i n g  and a s t r a i g h t  

nose mounted s t i n g .  The angle  of a t t a c k  range fdr t h e  s i d e  mcmted 

s t i n g  w a s  113' t o  147' and f o r  t h e  nose mounted s t i n g  152' t o  187'. 

Mach number range cons is ted  of 0.4 t o  1.2 a t  r o l l  angles  of 0 and 90 . 
The resu1tii.g 6-component aerodynamic fo rce  data was presented a s  

The 

0 

t h e  va r i az ion  of c o e f f i c i e n t s  wi th  angle  of a t t a c k  f o r  each Mach number 

and r o l l  angle .  

iif 



(THIS PAGE INTENTIONALLY LEFT BLANK.) 



TABLE OF CONTENTS 

ABSTRACT 

INDEX OF MODEL FIGURES 

INDEX OF DATA FIGURES 

NOMENCLATURE 

INTRODUCTION 

MODEL DESCRIPTION AND SUPPORT HARDWARE 

TEST FACILITY DESCRIPTION 

DATA REDUCTION 

REFERENCES 

TABLES 

I. TEST CONDITIONS 

11. DATA SET/RUN NUMBER COT.LATION SUMMARY 

111. MODEL DIMENSIONAL DATA 

IV. MODEL LOADS AND BALANCE CAPABILITY 

FIGURES 

MODEL 

DATA 

APPENDIX - TABULATED SOURCE DATA 

Page 

iii 

2 

3 

4 

7 

a 

10 

11 

13 

14 

15 

16 

19 

20 

29 



INDEX OF MODEL FIGURES 

Figure Title 

1. Body and Missile Axis Systems 

2. a. General Model Arrangewnt 

b. SRE Model Components 

c. SRB Center Body Sections 

d. SRB Model Tall Section 

3. Details of One Piece Side Mounted Sting, No. 131 

4. 

5. SRB Model InstalLation In AEDC PWT 4T 

Nose Mounted SRB and Sting Details 

Page 

20 

21 

22 

23 

24 

25 

26 

27 

2 



U 

pr 4 

21 N I 

w 
cl 

H 3  o n  
+Iw prx 
V 
rn 

Q) 
-3 
I 
In 
cv 

n 
4 
w 

\o 
In 
I 

QI 
U 

n 
al 
v 

n 
V 
v 

vi 
W 
w w 
vi 
U 

w 
0 
al 
n 

H z 
W u 

PI 

z 
H 

VI 
3 " VI 
p: 

3 3 
8 w  
a -I 
u U 

a !z 

L 

3 E 

X 
U " 
E "'I; u 

a u 
X 

n n 
m w  u 
W 

3 



NOMENCLATURE 

General 

PLOT 
SYMBOL MNEHONIC 

AF 

FN 

FY. 

'B 

'ref 

MRP 

M 
Y 

z 
M 

N F  

pc 

pt 

m 
P 

PM 

S RB 

'ref 

L 

LREF 

MRP 

PT 

Q 
RN 

SREF 

DEFINITION 

abbrev ia t ion  f o r  a x i a l  fo rce  

normal f o r c e ,  l b s  

s i d e  f o r c e ,  l b s  

length of SRB model, 

r e f e rence  l eng th ;  diameter of t h e  c y l i n d r i c a l  
s e c t i o n  of t h e  model, i n .  

moment r e fe rence  point  

p i t c h i n g  moment, in . - lbs  

yawing moment, in . - lbs  

abbrev ia t ion  f o r  normal fo rce  

wind tunne l  charge p res su re ,  p s i  

t o t a l  p r e s s u r e ,  p s i  

s t a t i c  p re s su re ,  p s i  

abb rev ia t ion  f o r  p i t ch ing  moment 

dynamic pressure, psi 

Reynolds Number (based on the model diameter) 

abbrev ia t ion  f o r  r o l l i n g  mowent 

aborev ia t ion  f o r  s i d e  fo rce  

So l id  Rocket Booster 

r e fe rence  a r e a  ( c ros s - sec t iona l  a r ea  of  the 
c y l i n d r i c a l  s e c t i o n  of t h e  model), i n . 2  

t c t a l  temperature,  F 0 

4 .' 



NOMENCLATURE (Continued) 

PLOT 
SYMBOL MNEMONIC 

x l a  
C P  

XMRP 
ZMRP 
YMRP 

YM 

XCPIL 

XMRP 
ZMRP 
YMRP 

DEFINITION - 
0 tunnel  charge temperature ,  F 

missile axes system 

l o n g i t u d i n a l  p o s i t i o n  of t h e  c e n t e r  of 
p re s su re ,  expressed as a f r ac t io r i  of t he  
SRB l eng th  measured from nose.  

abbrev ia t ions  for  l o c a t i o n  of  t h e  moment 
r e fe rence  po in t  i n  t h e  missile a x i s  system, 
measured from c e n t e r l i n e  of  model a t  nose 
(XMRP measured i n  nega t ive  d i r e c t i o n  of X m > ,  
i n .  

abb rev ia t ion  f o r  yawing moment 

COEFFICIENTS 

PLOT 
SYMBOL MXEFIONiC DEFINITION 

CLhY p i t c h i n g  moment c o e f f i c i e n t  i n  t h e  missile 

axes system; 

cln 
M m 

3- 

'm m ' 'ref 'ref 

F.. 

m cN 

n C 
m 

m 

CNM 

CYNM 

CYM 

CA 

CBL 

N normal fu rcL  c o e f f i c i e n t ;  C = 
Nm q 'ref 

Z yawing moment c o e f f i c i e n t ;  Cn a 

9 'ref 'ref 

I s i d e  . force  c o e f f i c i e n t ;  Cy * 
m 'ref 

AF a x i a l  fo rce  c o e f f i c i e n t ;  C - 
A q'ref 

*- 
r o l l i n g  moment c o e f f i c i e n t ;  C~ a I-- 

'ref L f  
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NOMENCLATURE (Continued) 

"T 

B 

Greek Symbols 

PLOT 
SYMBOL W N D X K J  C DEFINITION 

n angle of a t t a c k  of  model, s i n c e  t h e r e  is no 
yaw a n g l e  (P)  , then n i s  t he  same as t h e  
t o t a l  angle  of a t t i tck (r( ) ,  deg. T 
tct i l l  ang le  of'  a t t a c k ,  deg. 

angle  of s i d e s l i p ,  deg. 

M 

Y 

ALYllh 

BETA 

MACH 

PHI 

r e f  REF 

hach number 

r o l l  ang le ,  1 . e . ,  angle  between che missile 
Y - ax i s  and t h e  p l ane  def ined  by t h e  missi le  
X"'-;lxis and t he  r e l a t i v e  wind vectDr (€rom a 
pl f lo t ' s  viek o i n t )  i n  an a i r p l a n e ,  a p o s i t i v e  
r o l l  nnglc is a clockwise r o t a t i o n ) .  Since 
the model was n x i s y n m e t r i  c t h e  roll angle  was 
considered t o  b e  zero ,  deg. 

r a t i o  of s p e c i f i c  h e a t s  ( f o r  a i r  f =  1.4)  

Subs c r i p K .  

DEFIN1TI.W 
_-I - . --- 

r e fe rence  cond i t ions  

t o t a l  cond i t ions  

charge cond i t tons  

s t a t i c  cond i t ions  

6 



INTRODUCTION 

This report describes a wind tunnel test program to obtain the 

aerodynamic static stability characteristics of the 146-inch diameter 

Solid Rocket Booster (SRB) reentry configuration over a portion of its 

reentry flight regime. 

Configuration and has been tested in the NASA MSFC 14 x 14-inch Trisor.&c 

Wind Tunnel. 

The model is representative of the latest SRB 

The SRB model tested was a 0.00548 scale model of the 146-inch dia- 

meter right hand Solid Rocket Booster reentry configuration with all 

major protuberances. The SRB model was mounted onto a six-component 

strain-gage balance to obtain static stability force and moment data. 

The model balance was supported by either a straight or a side-mounted 

sting to achieve the desired angle-of-attack range. 

test configuration included a simulated heat shield around the engine 

nozzle. 

The SRB reentry 

The Solid Rocket Booster model was tested at Mach numbers of 0.4 to 
0 1.2 at: angles-of-attack from 113 

90 degrees. The test program consisted of 32 a polars. 

to 180°, and at roll angles bf 0 and 

7 



MODEL DESCRIPTION AND SUPPORT HARDWARE 

The: model t e s t e d  was a C.00548 scale model of t h e  146-inch diameter 

The ger.erzi Space S h u t t l e  So l id  Rocket Booster with a t runcated noz.r.le. 

model arrangement is  shown i n  Figure 2. 

l e s s  s tee l  and was designated MSFC Model Number 48b. The model was an 

assembly of t h r e e  components: a nose s e c t i o n ,  a c e n t e r  body s e c t i o n ,  and 

a t a i l  s e c t i o n .  There were two c e n t e r  body s e c t i o n s ,  a s o l i d  c e n t e r  

body f o r  use with the  MSFC s t r a i g h t  s t i n g  11102 and a c e n t e r  body with a 

cu tou t  for use with the  s i d e  mounted s t i n g  (No. 131).  An engine nozzle  

i n s e r t  and h e a t  s h i e l d  was i n s t a l l e d  i n  t h e  t a i l  s e c t i o n  whenever t h e  

model was s i d e  mounted. The SRB model components are shown i n  Figure 2 

and a r e  d e t a i l e d  i n  t he  SRB model assembly and f a b r i c a t i o n  drawings. 

The SRB model was msde of s t a l n -  

There were n ine  major protuberances loca t ed  on the  SRR model. The 

r e l a t i v e  p o s i t i o n  uf t he  protriberances are shown i n  the  gene ra l  model 

arrangement drawing, Figure 2 .  A l l  model protuberances were permanently 

a t t ached  t o  the  model body exceL t h e  s e c t i o n  of the Cable Systems Tunnel 

l oca t ed  on the  SRB c e n t e r  body. T1.2 permanently a t t ached  protuberances 

had e i t h e r  been machined on the  model o r  so lde red  t o  i t .  

The Cable Systems Tunnel was ;he only pr3tuberance on the  SRB 

cen te r  body s e c t i o n  and w a s  t h e  only removrible model protuberance.  This 

s e c t i o n  of t he  tunne l  had t o  be  removable because of  t he  method i n  which 

the model r o l l  angles  were s imulated.  

r o t a t e d  r e l a t i v e  t o  t h e  c e n t e r  body s e c t i o n  t o  s imula t e  r o l l  angles  when 

the nodel was s i d e  mounted, A screw hole  p a t t e r n  was pro\ i d e d  t h a t  

The nose and t a i l  s e c t i o n s  were 

8 



allaved the movable sec t ion  of the  C a b l e  Systems funnel t o  be at tached 

i n  increments of 15 degrees around the center  body sect ion.  

The SRB model w a s  mounted onto a six-component s t r a i n  gage balance 

t o  obtain s t a t i c  s t a b i l i t y  data. 

balance nuder 239. 

were used with the AEDC 1 1/2  inch diameter s t r a i g h t  s t i n g  adapter t o  

obtain the desired angle-of-attack of the  model. The EM: s t i n g s  are 

shown i n  Figure 3 and 4. 

mounted s t i n g  with the AEDC 4T sec to r  t r a v e l  of 27' to-? provided a 

model range of 113O t o  147O. The use of the  MSFC sting 1102 v i t h  the 

AEDC 4T sec tor  t r a v e l  of -7 t o  20' provided a d e l  angle-of-attack of 

1 5 2 O  t o  187 . 

The model balance used w a s  HSFC 

M F C  s i d e  acunted s t i n g  131 and s t r a i g h t  s t i n g  139 

Using the i n i t i a l  40° o f f s e t  of the  ISM: s i d e  

0 

The six component force and nioment da ta  vas measured using MSFC 

balance number 239. The estimated maximum loads f o r  t h i s  test, along 

v i t h  the balance capab i l i t i e s  are presented In  Table I V .  

9 



TEST FACILITY DESCRIPTION 

The Aerodynamic Uind Tunnel (4T) is a closed-loop, continuous flow, 

variable-density tunnel with a Mach n u d e r  range of 0.1 through 1.3. 

In addition, Mach number 1.6 and 2.0 can be obtained by the  use of re- 

movable nozzle inserts. A t  a l l  Mach mmbers, the stagnation pressure 

can be varied from about 300 through 3700 psfa. The test sec t ion  is 5 

f t  square and 12.5 f t  long w i t h  perforated,  var iab le  porosity (0.5- t o  

10-percent open) valls. I t  is completely enclosed i n  a plenum chamber 

from uhich the a i r  can be evacuated, allawing par t  of the tunnel a i r f low 

t o  bc removed through the perforated valls of the  test section. 

thorough descr ip t ion  of t he  tunnel may be found in the  Test F a c i l i t i e s  

-Handbook (Ref. 1). 

A more 

10 



MIA REDUCTION 

The wind tunnel test conditions =re used to ca l cu la t e  the  Mach 

number, the dynamic pressure,  and the  Reynolds number. The six-component 

force and moment da ta  vere resolved i n  the m i s s i l e  ax i s  system, Figure 1, 

about the SFA Plament Reference Point ( W ) a n d  presented i n  the  form of 

nmdimensional coef f ic ien ts .  

Model reference dimensions used are: 

FULL SCALE MODEL SCALE 
2 

0.503 In.  2 Reference Area (Sref) 116.26 F t  

(cross sec t ion  area of cy l ind r i ca l  
body) 

Reference Length (Lref) 146 In. 
(diameter of cy l ind r i ca l  body) 

Reference Span bref 1 146 In. 
(diameter of cy l indr fca l  body) 

Moment Reference Point (MRP)* 

0.8 In. 

0.8 In.  

1055.84 In.  5.785 In .  
0.0 In.  
0.0 In.  

Body Length w/Nozzle ( L) 9.806 In.  

*The SRB Moment Reference Point is measured on the SRB center l ine ,  

a f t  from the nose. 

Because the model was o r ig ina l ly  designzd t o  be tes ted  a t  angles- 

0 of-attack f r o r  0 t o  180 , i t  w a s  reversed on the balance for angles-of-attack 

grea te r  than 90 degrees; consequently, a sign change was required during 

11 



data  reduction of four of the forces  and moments measured by the balance. 

These forces  and moments were: a x i a l  force,  s i d e  force,  pitching momen:, 

and r o l l i n g  moment. 

The model angle-of-attack w a s  calculated usicg the  pre-set model 

a t t i t u d e  inc l ina t ion  of model support mechanism (Sector Angle), and 

the support hardware def lec t ion  measurements due t o  model forces  and 

moments. 

The nondimensional coe f f i c i en t s ,  rest conditions,  and model a t t i t u d e  

information are presented i n  a tabulat ion format i n  the Appendix. 

12 
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TABLE 111. MODEL DIMENSIONAL DATA 

MODEL COMPONENT:- 

GENERAL DESCRIPTION: 

SOLID ROCltET BOOSTER NOSE 

A CONICAL SECTION WITH A SPHERICAL RADIUS NOSE 

- 

MODEL SCALE: 0.00548 SCALE 

itEFERENCE DRAWING(S): MSFC #$OM42805 & 80M42806 

DIMENSIONS 

Spherical Nose Radius 

Conical Nose Section Half Angle 

SRB Nose Length 

Forward Cylindrical Body Diameter 

THEORETICAL 
J?ULL SCALE MODEL SCALE 

13.27 in. 0.073 in. 

18 degrees 18 degrees 

195 in. 1.069 in. 

146 in. 0.8 in. 

16 



TABLE 111. (Continued) 

MODEL COMPONENT: SOLID ROCKET BOOSTER CYLINDRICAL BODY 

GENERAL DESCRIPTION: THE CYLINDRICAL SECTION OF THE SRB BODY 

MODEL SCALE: 0.00548 SCALE 

REFERENCE DRAWING (S) : MSFC l80M42802 C 80M42804 

DIMENSIONS : 

Center Body Diameter 

Center Body Length 

THEORETICAL 
FULL-SCALE MODEL-SCALE 

146 in. 0.8 in. 

1443.6 in. 7.910 in. 

17 



TABLE 111 (Concluded) 

MODEL COMPONENT: SOLID ROCKET BOOSTER ENGINE SKIRT 

GENERAL DESCRIPTION: A CONICAL FRUSTUM FLARING OUT FROM THE SRB BODY 

TO ENCLOSE THE ENGINE NGZZLE WITHOUT THE ENGINE EXTENSION - 
~ ~ ~ ~~~ ~ ~~ 

MODEL SCALE: 0.00548 SCALE 

REFERENCE DRAWING(S): MSFC 1180M51473 

DIMENSIONS : 

Cylindrical Body Diameter 

Engine Skirr Flare Angle 

Engine Skirt Exit Diameter 

THEORETICAL 
FULL SCALE MODEL SCALE 

146 in. 0.8 in. 

18O40 ' 18'40 ' 
208,20 in. 1.141 in. 

18 



COMPONENT 

Normal Force 

Pitching Moment 

S i d e  Force 

Yawing Moment 

Rolling Moment 

Axial Force 

TABLE I V  

MODEL LOADS AND BALANCE CAPABILITY 

EUrFED BAL,ANCE 
MODEL/LOADS* CAPACITY 

+ 200 L b s .  100 Lbi. - 
60 in.-lbs - + 196 in . - lbs  

5 l b s  

5 i n - l b s  

1 in . - lbs  

- + 100 l b s .  

- + 98 in . - lbs  

- + 50 in . - lbs  

- + 50 l b s .  15 l b s  

*Moments are taken about balance center.  

19 
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APPENDIX 

TABULATED SOURCE DATA 

Tabulations of plotted data are avai lable  on request from Data 
Management Services. 
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